E 

CD 



O o| 



CD 








_£= 








O 








CX3 








O 




*cz 






col 


ZD 


col 


g 




-T= 








O 




true 




Fet 




CO 



























CD 




.c: 




o 




Ca 


col 










a 

















CD 




3 co 




CD " 








o 




CO 





I 



Li. 





CD 

L— 




CD| 


03 








O 
_J 


09 


=> 





CD 
O 

o 

g 

1 





CD 






=5 

CD 


o| 


Re 


=3 

a 




1 




i — . 






rato 




i CD 
O 


Ol 


CO 


CD 




1— 

1— 


Gen 









Ll. 




L — 


n 


"co 




"CD 








& 






E -c oo 
o oo 

*= ^ 

CD 



o 
o 



o 

CO 
CO 

0) 
o 

2 

Q_ 

O 




162 





Operation 


Operation 


Operation 


Operation 




Tag 


166A 


166B 


166C 


166D 


Flow Control 


164 


Operation 


Operation 


Operation 


Operation 


168 




166E 


166F 


166G 


166H 





FIG. 2A 



Liveness 


Encoding 
266 


Unconditionally Live 


11 


Subsequent to 1st Branch 


10 


Subsequent to 2nd Branch 


01 


Unconditionally Dead 


00 



FIG. 2B 




162 



266A 



Jl 



266B 



XT 



Jl 



266C 



Jl 



266D 



266E 



Jl 



Tag 


Operation 
166A 


11 


Operation 
166B 


01 


Operation 
166C 


11 


Operation 
166D 


00 


Flow Control 


164 


Operation 
166E 


01 


Operation 
166F 


10 


Operation 
166G 


01 


Operation 
166H 


01 


168 



266F 



266G 



266H 



FIG. 2C 



Mark operation 
unconditionally live 
303 



No 



1 


r 


Mark operation 
as being dependent on 
the first branch 
307 




r 



Execution 
'of operation dependent on* 
second branch in trace? 
305 



Mark operation 
as being dependent on 
the second branch 
309 



FIG. 3 




No 



i 



Identify that 
operation should 
be executed and 
dispatch operation 

to scheduler 
415 



Identify that 
operation should 
not be executed 
417 



FIG. 4 




misprediction 



Operations 
'within trace markecf 
not executable based on 
misprediction? 
505 



Mark mis-labelled operations 
executable 
507 



No 



-No 



Execution 
of all operations marked^ 
executable within trace 
completed? 
509 



FIG. 5 



Retire all operations in 
trace & remove operations 
marked not executable within 
trace from scheduler 
511 



T 



Before Constant Propagation: 



ADD/SUB REG1, SRC, CONST1 

: 

MEM [REG1 + INDEX + DISP] 



dataflow 



ADD/SUB REG2, REG1, CONST2 



FIG. 7A 



After Constant Propagation: 



dataflow 



ADD/SUB REG1,SRC,CONST1 



MEM [SRC + INDEX + (DISP + CONST1 )] 



ADD/SUB REG2, SRC, (CONST2 ± CONST1) 

FIG. 7B 



Before Move Renaming: 



After Move Renaming: 



MOV EAX, ESI 



ADD EAX, EAX, 7 

FIG. 8A 



ADD EAX, ESI, 7 



FIG. 8B 



Before Move Renaming: 
ADD EAX, EAX, ESI 



MOV 



ADD 



: i 

EDI, EAX 

(intervening operations do 
not use value of EAX) 

EAX, EBX, 2 (value in EAX destroyed) 

FIG. 9A 



After Move Renaming: 
ADD EDI, EAX, ESI 

ADD EAX, EBX, 2 



FIG. 9B 



Before any transformations: 
SUB SP, SP, 4 



SUB 



SP, SP, 4 



1 FIG. 10A 



Slotification: 



SUB temp, SP, 4 



SUB SP, temp, 4 

* FIG. 10B 



After Constant Propagation: 
SUB temp,SP,4 



: f — 

SUB SP, SP, 8 

^ FIG. 10C 



After Dead Operation Elimination: 
SUB SP, SP, 8 



FIG. 10D 



Before: 



Op1 Sets condition code 

(intervening instructions do 
not set condition code) 

JNE Label 

FIG. 11A 



After Branch Folding: 
Op1 Sets condition code; fail if NE 



FIG. 11B 




Perform transformation 
on operation(s) & store 
transformed operation(s), if 
any, in trace 
1203 




FIG. 12 



Instruction Stream: 



Instruction! 

lnstruction2 

lnstruction3 

Microcoded Instruction 

lnstruction4 

Instructions 



FIG.13A 



Trace 1 



Op1 
Op2 
Op3 




Microcode 
Entrvjp, 



OpA 
OpB 
OpC 
OpD 



Microcode Trace 



Setup Alias Table 
CALL Microcode Trace 



Trace 2 



Op4 
Op5 




Return 



FIG. 13B 



CD Q | 

O ^ I 

o 

CD 

Q 



5.2 

O 5 
O 00 



o 

03 
1— 

0 

Q_ 

O 



< 

O 



_cp 

_Q 

jd 

CO 
CO 

> e 

CD O 
O J= 



cz 

CD 03 

8 S 



_0) 
-Q 

CO 
CD 

^< 
O 



—j 
< 

O ' 

CD 



8 « 

O 19 



CD 



^ CO 
^ CD 

fl 

.E o 

is 

CD CD 

§ 8. 

I — O 



CD 
~a 
o 
o 
p 



O 

cr> 

_CD 
_Q 

CD 
I— 

co 

CD 



m 

o> 

_a> 

_Q 
CD 
I — 

CO 
CD 



o 

CO 



O 

LL 



< 

cr> 

JQ 
CD 

h- 

CO 
CD 




■£2 h= 



CNJI 

CD 
O 
CD 



CD 
"O 

O 
O 
O 



Replace microcoded instruction with 
an alias table setup operation and a call 
operation that calls the appropriate microcode 
subroutine and that specifies the appropriate 
alias table register names 
1401 



Execute call operation, 
which pushes return address (identifying next 
trace to execute after execution of microcode 

subroutine) onto stack 
1405 



Read microcode subroutine 
operations specified by call operation 
and perform replacements using alias table 
register names as microcode subroutine 
operations are dispatched to schedulers 
1403 



Execute return operation included in 
microcode subroutine, which pops return 
address from stack 
1407 



FIG. 14 








CO 








1 1 1 




— , 

< 










pc — ■ 

\ 
1 

O 




CM 














> 


001 




Q 




< 




CO 









o 
5- 




o 
(/) 

CO 

<D 
O 
O 



031 

ol 



O 03 
03 00 
O CM 



Memory 



618C 



r 







MC 


/ 






Processing 
Node 
612A 


/ 




IF v 





624E 



618G^ 



— 614A 

616A 618D 
^-618A 
r 624A 



614B 



61 6B 



624B 





MC 


/ 






Processing 


/ 


LL 




Node 










612B 













618B 



624F 



624C 







IF 






I 

LL 


Processing 
Node 
612C 


/ 






MC 


k 





618H 618J 

6181 
r 624G 



624H 



618F 



618E 



624D 



Memory 



616C 
614C 



4- 




IF 








Processing 
Node 


/ 


LL 








612D 








MC 


S 





618K 
— 618L 



Memory 




616D 
-614D 



400- 



FIG. 16 



